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ABSTRACT
Background: This report describes the occurrence of equine neorickettsiosis (EN) in the northern region of Paraná, 
southern Brazil. EN is a non-contagious infectious disease caused by the Gram-negative bacterium, Neorickettsia risticii. 
Equine neorickettsiosis was previously known as Potomac horse fever and monocytic ehrlichiosis. The disease occurs 
predominantly in the USA and Canada; data relative to EN in Brazil is scarce. The aim of this study was to report the first 
case of putative EN in the state of Paraná due to a combination of IHC and molecular testing.
Case: A 2-year-old Quarter Horse was referred to a Veterinary Hospital with episodes of abdominal discomfort, fever, 
anorexia, tachycardia, and tachypnea. The animal reportedly demonstrated episodes of blackened and fetid diarrhea after 
the ingestion of hay. A treatment was established upon arrival at the veterinary hospital, but the mare died after 12 hours 
of monitoring. An autopsy examination performed soon after death revealed severe hyperemia of the mucosa of the ce-
cum and colon, with multifocal cecal erosions and ulcerations. The principal histological lesion observed was necrotizing 
enterocolitis. Additional significant histopathologic lesions included widespread lymphoid depletion affecting the spleen, 
tonsils, and lymph nodes. An IHC assay designed to identify the antigens of N. helminthoeca (NH) in formalin fixed par-
affin embedded (FFPE) tissues, identified antigens of intralesional neorickettsial organisms within macrophages of the 
mucosa of the colon. Additionally, a PCR assay designed to amplify the 16S rRNA gene of Neorickettsia, amplified the 
desired amplicon, but sequencing was frustrating.
Discussion: A putative diagnosis of equine neorickettsiosis was established due to the combination of epidemiological 
evidence, pathologic findings, immunohistochemical identification of intralesional antigens of neorickettsial agents, and 
amplification of the 16S gene of Neorickettsia spp. by PCR. The gross and microscopic lesions described must be dif-
ferentiated from lesions observed in equine salmonellosis and Clostridium difficile associated disease of horses. IHC was 
performed on FFPE intestinal tissue using an anti-NH hyperimmune serum as primary antibody due to high antigenic 
cross-reactivity between Neorickettsia spp. There was positive intracytoplasmic immunolabeling of macrophages in the 
mucosa of the large colon indicating the presence of neorickettsial antigens. The PCR amplified the desired amplicon from 
the colon fragment, but sequencing was frustrating due to poor quality product that resulted in an organism consistent 
with Methylobacterium spp., probably, a contaminant. EN show a seasonal and endemic tendency in USA, Uruguay and 
in southern Brazil, occurring in warmer months, as in the case reported. Evidence suggests that an ancient disease named 
“churrido” known for at least 100 years in southern Brazil and Uruguay is, in fact, equine neorickettsiosis and might have 
been introduced to North America from South America. Considering the epidemiological evidence and the worldwide 
distribution of NR, we suggest that EN is probably underdiagnosed in Brazil and that the etiology of equine enterocolitis 
should be more thoroughly investigated. Therefore, this report broadens the knowledge of EN in our region. In conclusion, 
considering the epidemiologic, pathologic, immunohistochemical and molecular evidence, and the specie-specificity of 
Neorickettsia spp., we report a putative case of EN in southern Brazil and the first report in Paraná state. IHC is a useful 
technique, less technically demanding and time consuming than bacterial culture and isolation, considered the gold stan-
dard; and can be used to diagnose EN when compatible pathologic evidence is present concomitantly.
Keywords: Potomac horse fever, Neorickettsia risticii, necrotizing enterocolitis, immunohistochemistry, PCR.
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INTRODUCTION
Equine neorickettsiosis (EN) is an infectious 
disease caused by the obligate intracellular bacterium 
Neorickettsia risticii (NR), family Anaplasmataceae 
[6,7]. This disease is also referred to as equine mo-
nocytic ehrlichiosis, Potomac horse fever, Ehrlichia 
colitis, and acute equine diarrhea syndrome [15,18]. 
EN was recognized as a distinct clinical entity in 1979 
by veterinarians, in Maryland, USA, where it affected 
farm horses in regions close to the Potomac River [15]. 
Interestingly, EN was never diagnosed as a recognized 
disease prior to 1970 in USA and, it was hypothesized 
that EN might have been introduced to North America 
from South America [31], where NR has been identi-
fied as the causative agent of a disease locally known 
as “churrido equino” – a diarrheic disease of horses that 
probably occurred for at least 100 years in Uruguay 
and southern Brazil [2,3,8].
Equine neorickettiosis is reported predomi-
nantly in the USA [15,22,32] and Canada [13,15,33]. 
However, most of the previous reports available in data-
base are based exclusively on serologic assays in horses 
without further evidence from either polymerase chain 
reaction (PCR)/sequencing or culturing the bacteria [31]. 
Available data concerning this disease is scarce 
in Brazil and up to the moment there are no studies 
related to immunohistochemical identification of NH 
in horses when public databases were consulted. The-
refore, this study describes the first case of EN in the 
state of Paraná and provide the immunohistochemical 
characterization for the diagnosis of this disease.
CASE 
A 2-year-old, female, Quarter horse was re-
ferred to a Veterinary Teaching Hospital in southern 
Brazil, during November 2016, after presenting severe 
signs of abdominal discomfort over the last two days. 
The animal reportedly had episodes of blackened and 
fetid diarrhea after the ingestion of hay. The mare 
was clinically examined, and samples were collec-
ted for laboratory tests (blood count, total plasma 
protein and fibrinogen dosage, hemogasometry, and 
peritoneal fluid analysis). A treatment was established 
upon arrival at the hospital and consisted of flunixin 
meglumine, gentamicin, penicillin potassium, lactated 
ringer solution with calcium and potassium chloride. 
Ten horses that consumed the same hay also had signs 
of abdominal discomfort, two of these died, but autopsy 
was performed only on the mare; the other diarrheic 
horses recovered spontaneously. These animals were 
maintained at a horse farm where horses from different 
geographical regions were housed.
The mare died 12 h after monitoring and an 
autopsy examination was performed soon after to 
determine the cause of death. Fragments of the large 
and small intestine, liver, lung, kidney, heart, mesen-
teric lymph nodes, mesenteric artery and vein, tonsils, 
esophagus, spleen and central nervous system were 
collected, immersed in 10% buffered formalin solution 
and routinely processed for histological evaluation 
(H.E.). FFPE tissue sections of the colon, mesenteric 
lymph nodes and spleen were selected for IHC. Addi-
tionally, fragments of the colon, mesenteric lymph 
nodes, and spleen were maintained frozen at -20°C and 
used for molecular testing. A previously established 
protocol for the IHC identification of antigens of NH 
in FFPE tissues, using an anti-NH hyperimmune serum 
produced in immunized rabbits served as the primary 
antibody [11]. The IHC protocol was performed as 
previously described [20] using the anti-NH as primary 
antibody at 1:100 dilution. Positive controls consisted 
of an NH cellblock derived from pure cultures of this 
organism grown on DH82 cells and other paraffin em-
bedded fragments known to be positive for NH [11]. 
The IHC assay was performed to detect antigens of N. 
helminthoeca due to elevated antigenic cross-reactivity 
with N. risticii [23]. The PCR assay was performed as 
described [12] using primers designed to amplify the 
16S rRNA gene of Neorickettsia.
Clinically, the mare presented severe tachyp-
nea, dyspnea and tachycardia; diarrhea, anorexia, 
excessive salivation and episodes of abdominal 
discomfort, terminating in lateral recumbency. The 
erythrogram revealed erythrocytosis (10.2x106/µL, 
reference range: 5.5-9.5), while the leukogram de-
monstrated leukopenia (1.4x103/µL, reference range: 
6-12) with neutropenia (280/µL, reference range: 
2.100-9.000) and monocytopenia (84/µL, reference 
range: 120-1.200). The biochemical assays revealed 
an increase in fibrinogen concentration (600 mg/dL, 
reference range: <400) without any alteration to the 
total plasma protein concentration. Hemogasometry 
revealed metabolic acidosis (BE(ecf) = -2.9 mEq/L, 
reference range: 0-6) (cHCO3 = 22.7 mEq/L, referen-
ce range: 24-30). No alteration was identified in the 
analysis of the peritoneal fluid.
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At autopsy, the animal had good nutritional sta-
tus. All visible mucous membranes were congested and 
there was severe hydroperitoneum (400 mL). The main 
gross alterations were observed at the cecum and predo-
minantly at the ventral colon. The serosa blood vessels of 
the colon were engorged, and the lumen was filled with 
fluid content of tan reddish color. The mucosa was di-
ffusely hyperemic with areas of erosions and ulcerations 
(0.1 to 1.0 cm in diameter); furthermore, there was severe 
transmural edema and hemorrhage at the final region 
of the colon. The mucosa of the cecum was hyperemic 
with multifocal areas of erosions and ulcerations, ranging 
from 0.1 to 0.5 cm in diameter. Similar lesions were seen 
in the distal portion of the small intestine. Additionally, 
other significant alterations observed were moderate 
pulmonary edema and hemorrhage, moderate to severe 
multifocal to coalescing encephalic hemorrhage, and 
severe multifocal hemorrhagic renal infarcts.
The main microscopic findings were observed 
predominantly at the large and in some extent at small 
intestine and consisted of enterocolitis with diffuse 
and marked necrosis of the mucosa (Figure 1). The 
inflammatory cells were mixed but composed pre-
dominantly of macrophages. The intestinal villi were 
diffusely denuded with multifocal areas of fusion and 
intestinal crypts were frequently dilated. Intestinal 
vascular changes such as thrombosis and marked 
passive congestion and transmural interstitial edema 
were also observed in the large intestine. In addition, 
multifocal to coalescing areas of hemorrhage affecting 
the leptomeninges and the neuropil of the cerebellum, 
pituitary gland and brainstem were also observed. 
Other significant lesions included severe lymphoid 
depletion of the spleen, tonsils and lymph nodes.
By IHC, there was positive intracytoplasmic 
immunolabeling of intralesional macrophages to an-
tigens of N. helminthoeca at the mucosa and lamina 
propria of the large intestine (Figure 2). The PCR assay 
designed to identify the 16S gene of Neorickettsia
amplified the desired amplicon from the colon that 
demonstrated positive immunoreactivity to antigens of 
NH. However, sequencing was frustrating due to poor 
quality DNA that resulted in an organism consistent 
with Methylobacterium spp.
DISCUSSION
A putative diagnosis of necrotizing enterocoli-
tis associated with N. risticii in this mare was establi-
shed due to a combination of pathologic findings, IHC 
identification of intralesional antigens of Neorickettsia, 
and amplification of the 16S gene of Neorickettsia spp. 
by PCR. The pathologic findings herein described can 
be attributed to EN but must be differentiated from the 
gross lesions observed in equine salmonellosis [14,29] 
and Clostridium diffi cile associated disease (CDAD) 
of horses [5,27].
Neorickettsial organisms are not easily identi-
fied in routine H.E. staining [30], however by Glemsa 
and toluidine blue staining it is possible to detect the 
neorickettsial microorganisms, mainly when cells are 
heavily infected [24]. Given this and the suggestive 
lesions of EN observed by histopathology, an IHC 
anti-NH assay [10,11] was performed on FFPE intes-
tinal tissue. We used an anti-NH hyperimmune serum 
as primary antibody due to antigenic cross-reactivity 
Figure 1. Intestinal tissue, horse. Severe and diffuse necrosis of enterocytes 
with villi atrophy and fusion; marked blood vessel congestion in mucosa 
and marked edema in submucosa [HE; 20x]. 
Figure 2. Intestinal tissue, horse. Positive intracytoplasmic immunolabel-
ling anti-Neorickettsia antigens in macrophage at intestinal lamina propria 
[IHC; 100x].
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between N. helminthoeca and N. risticii demonstrated 
by western blotting and immunofluorescence assays 
[23], and due to the similarity identified in phylogenetic 
analyses using several target genes of the Anaplasma-
taceae family [6,7], indicating that these organisms are 
closely related. 
There was positive intracytoplasmic immu-
nolabeling of macrophages located in the mucosa of 
the large colon indicating the presence of intralesional 
neorickettsial organisms. It is expected the immunola-
beling in macrophages since N. risticii is an obligate 
intracellular bacteria that infects macrophages [4,24]. 
An in vitro study revealed that N. risticii binds to host 
macrophages through surface protein ligands, enters 
through a receptor-mediated endocytosis and viable 
or intact NR might prevent the phagosome-lysosome 
fusion, going on to multiply [16]. The internalization 
and proliferation of neorickettsial organisms depends 
on Ca2+-calmodulin-signaling [25] and protein tyro-
sine phosphorylation [34]. The spreading occurs by 
cell lysis and also through exocytosis by fusion of the 
inclusion membrane with the plasma membrane [7]. 
On the other hand, the intestinal villi were diffusely 
denuded due to severe intestinal damage with loss of 
viable enterocyte, and it might explain the absence of 
immunolabeling in enterocytes.
Additionally, the PCR assay was designed 
using a gene-specific primer for Neorickettsia spp. 
16S rRNA [12] with the purpose to detect the presence 
of any neorickettsial organisms, rather than N. risticii 
specifically. The PCR amplified the desired amplicon 
from the colon fragment. Similar results occurred in 
other studies using PCR assay; in one of these neori-
ckettsial DNA was amplified but the derived nucleotide 
sequences were short when compared with those depo-
sited in GenBank [12]; however, cloning was used to 
certify the amplified product and other genes were used 
to corroborate the findings in that study. In another 
study, the quality of the PCR product was not adequate 
for sequencing but the diagnosis was associated with 
the IHC identification of intralesional Neorickettsia 
organisms [10]. In addition, the sequencing of the 
poor-quality DNA herein described resulted in an or-
ganism consistent with Methylobacterium spp; similar 
results were obtained in a study designed to identify N. 
helmintheoca by molecular biology [28]. Considering 
the obtained results herein described and a previous 
study [28], it must be highlighted that sequencing (to 
confirm the identification of the PCR product) and 
other methods (as histological analysis and IHC) must 
be performed, to establish the diagnosis of EN  [28].
EN is seasonal and endemic in USA [1,9,19,21], 
Uruguay and in southern Brazil [2,8], occurring in 
warmer months. As in the case herein reported, the 
mare was affected during the summer (November). 
Interestingly it was suggested that a disease named 
“churrío” or “churrido”, known for at least 100 years 
occurring during the summer in southern Brazil and 
Uruguay, is, in fact, equine neorickettiosis [8] and 
might have been introduced to North America from 
South America [31]. These findings associated with 
the serological evidence of the presence of N. risticii 
in other states from Brazil, such as Rio de Janeiro [26], 
Santa Catarina and São Paulo [17] and with the wide 
distribution of NR in North America, India and Europe 
[7,31]; suggest that EN is probably underdiagnosed in 
Brazil. In addition, the etiology of equine enterocolitis 
in Brazil should be more thoroughly investigated to 
associate the causative pathogens and reduce economic 
losses. Thus, this report broadens the knowledge of 
EN in our region.
In conclusion, considering the epidemiologic, 
pathologic, immunohistochemical and molecular 
evidences, and that natural infections of horses with 
N. helminthoeca or N. sennetsu have not been pre-
viously reported, we report a putative case of EN in 
southern Brazil and the first report in Paraná state. 
The lesions occurred mainly in the cecum and colon 
and were characterized by necrotizing enterocolitis. 
Lymphoid depletion at the spleen, tonsils and lymph 
nodes were also observed. Gastrointestinal disorders 
in horses are frequently observed and most of these 
are of infectious origin. EN is rarely reported in Brazil 
probably because it may be underdiagnosed and/or the 
etiology of equine enterocolitis is poorly investigated. 
Although the hyperimmune serum was designed to 
identify antigens of NH, the IHC using anti-NH serum 
as primary antibody was able to identify Neorickettsia 
spp. antigens in horses with lesions suggestive of EN. 
Considering this evidence, a putative diagnosis of EN 
is herein described.
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